The objective of this study was to compare specific brain MRI anatomic measurements between three groups of geriatric ( > 8yrs) dogs: 1) neurologically impaired dogs with presumptive spontaneous brain microhemorrhages and no clinical evidence of canine cognitive dysfunction 2) dogs with canine cognitive dysfunction 3) dogs without clinical evidence of cognitive impairment or abnormalities on neurologic examination (control dogs). MR images from 46 geriatric dogs were reviewed and measurements were obtained of interthalamic adhesion height (thickness) and mid-sagittal interthalamic adhesion area for all dogs, in addition to total brain volume. Interthalamic adhesion measurements, either absolute or normalized to total brain volume were compared between groups.
97
We defined spontaneous brain microhemorrhages using the same criteria as had been 117 Volumetric measurements for total brain volume were performed as previously described. 24 118 Both investigators used previously published anatomic landmarks for all measurements 25 and 119 both were blinded to the clinical status of the dogs in the study. One investigator counted all 120 microhemorrhages evident on MR images for each dog (CD), based on transverse T2* gradient 121 echo or susceptibility-weighted sequences.
122 Statistical analysis 123 We used Kruskal Wallis tests, with subsequent multiple comparisons by the Conover method for 124 all comparisons described below. We did not correct for any experiment-wise error rate. 125 We first compared ages and body weights of the three groups of dogs to demonstrate similarity 126 of cohorts.
128 dogs both as absolute values, and after indexing to total brain volume (under the assumption that 129 the height of the interthalamic adhesion would be proportional to the size of the brain).
130 Finally, we compared the number of microhemorrhages between the three groups of dogs. 230 deposits were not. 13 Canine cognitive dysfunction is considered by some to be the canine 231 analogue of Alzheimer's disease, and has been described extensively as both a clinical and 232 pathologic entity. 18-23,29-34 Unlike canine cognitive dysfunction, however, cerebral amyloid 233 angiopathy has not previously been described as a clinical entity in dogs, but only as a 234 pathological finding. [9] [10] [11] [12] [13] [14] We suspect that the microhemorrhages evident in both groups of 235 affected dogs reflect disorders of amyloid metabolism, a suspicion that will require further 236 inquiry. Unfortunately, because the dogs in our study were not euthanized at the time of 237 presentation (or shortly thereafter), we cannot confirm our suspicion of amyloid deposition, 238 either perivascularly or perineuronally, in affected dogs. 239 Putative cerebral microhemorrhages in dogs were described in a previous MRI-based study. 17 240 These investigators compared dogs with microhemorrhages to all dogs undergoing similar brain 241 MRIs, regardless of the indications for pursuing imaging. They found that dogs with cerebral 242 microhemorrhages were older and smaller, and presented more frequently for vestibular 243 dysfunction than the control group of dogs. 17 Similar to this study, our populations of dogs with 244 microhemorrhages were primarily small-breed dogs; because we age-matched our controls as 245 much as possible, we could not comment on age distributions, although all of our dogs were 246 geriatric (>8 yo). It is also possible that smaller breeds would be expected to predominate 247 because they live long enough to develop degenerative brain disease, compared with larger dog 248 breeds.
249 Both cerebral amyloid angiopathy and cognitive dysfunction are well-established pathologies of 250 elderly dogs. [9] [10] [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] Our study suggests that the dogs with spontaneous brain microhemorrhages 251 represent a distinct neurodegenerative brain disorder with some similarities to cognitive 252 dysfunction, but other features more reminiscent of cerebral amyloid angiopathy. Our suspicion 253 that these dogs have cerebral amyloid angiopathy will require future histopathologic examination 254 of brain tissue from patients with similar MRI abnormalities. 255 In addition to the lack of histopathologic correlation with the imaging findings in this study, 256 there are several other limitations to our investigation, most of which are a consequence of its 257 retrospective nature. We made the diagnosis of cognitive dysfunction in all dogs via historical 258 and clinical features consistent with cognitive impairment, combined with supportive MRI 259 findings. While this manner of diagnosing cognitive dysfunction is common practice and 260 adequate for a clinical diagnosis, it is likely to under-diagnose dogs with mild to moderate 261 cognitive impairment. There are a number of accurate behavioral test protocols for dogs that 262 provide more objective data regarding cognitive health. 20, 22, 30 Although the dogs with isolated 263 microhemorrhages did not appear to have cognitive dysfunction, it is possible that they exhibited 264 some level of cognitive dysfunction that was not appreciable without specific behavioral testing. 265 Ten of the geriatric control dogs were kennel-housed and therefore not part of a home 274 measurement is chosen from the slices available, which introduces a level of variability in the 275 resultant data. Since the mid-sagittal interthalamic adhesion area is more consistent, this is likely 276 a more accurate mode of measuring the interthalamic adhesion. 18 We found no differences 277 between the two groups of dogs with microhemorrhages, but the sample sizes were small and 278 might have failed to detect a difference.
279 Our main goal with this investigation was to compare MR imaging findings between two 280 abnormal geriatric groups of dogs: those with presumptive spontaneous brain microhemorrhages 281 and no cognitive impairment and those with evidence of canine cognitive dysfunction. We chose 282 our geriatric control dogs based upon a lower age limit of 8 years of age. Although this lower 283 limit is based on several reports dealing with canine cognitive dysfunction [20] [21] [22] [23] 30 (one of the 284 affected dogs in our study, without cognitive dysfunction, was 8 years old), the definition of 285 what minimum age defines "geriatric" in dogs is somewhat arbitrary. Our control dogs were 286 younger than the affected dogs, but only one was 8 years old (and four were 9 years old). There 287 are several potential interpretations of this finding. One possibility is that both geriatric brain 288 disorders investigated in this report are more likely to occur with increasing age. This 289 phenomenon has been documented with canine cognitive dysfunction. [20] [21] [22] [23] 35, 36 In one study of 290 putative microhemorrhages in dogs 17 , affected dogs were significantly older than unaffected 291 dogs, but an increasing tendency for brain microhemorrhages to occur with aging has not yet 292 been established in this species. Another possibility is that a lower age limit of 8 years is too low 293 for a definition of "geriatric" in dogs. If this is the case, interthalamic adhesion measurements 294 may be less discriminative for degenerative brain pathology if the lower age limit for geriatric 295 control dogs is increased. In one study evaluating interthalamic adhesion thickness as an 296 indicator of cognitive dysfunction in dogs, 9 years of age was chosen as a lower limit for 297 defining geriatric status. These investigators found a significant difference in interthalamic 298 adhesion thickness between aging non-cognitively impaired and cognitively impaired older dogs.
299 They also found a significant difference in interthalamic adhesion thickness between older non-300 cognitively impaired dogs and younger dogs (< 9 years of age). However, this difference was 301 negated when the interthalamic adhesion numbers were normalized to brain height. 19 The overall 302 effect of aging on interthalamic adhesion parameters in successfully aging dogs needs to be more 303 fully evaluated.
304 Future investigation into geriatric dogs with spontaneous brain microhemorrhages will hopefully 305 include correlating MR imaging findings with histopathology, as well as more objective 306 assessment of cognitive status. In addition, comparing imaging features of larger cohorts of dogs 307 with and without cognitive dysfunction might help discern whether these entities are distinct 308 with respect to interthalamic adhesion measurements. 309 In conclusion, we have, for the first time, associated clinical signs in dogs, both with and without 310 cognitive dysfunction, with MRI evidence of microhemorrhages. Dogs with microhemorrhages 312 without cognitive had more hemorrhages than dogs with cognitive dysfunction, suggesting that 313 the cognitive dysfunction is not associated with hemorrhage number. Our data support, but do 314 not confirm the idea that spontaneous brain microhemorrhages in dogs might be a manifestation 315 of amyloid angiopathy. 
